Golfers commonly remove turf and soil when swinging a golf club causing a divot in the turf. Divot recovery is an important factor that should be considered when selecting a species or cultivar for use on golf course tees or fairways. There are few reports directly comparing the divot recovery among bermudagrass (Cynodon spp. Rich.) and zoysiagrass (Zoysia spp. Willd.) cultivars. Therefore, the objective of this experiment was to quantify divot recovery of several bermudagrass and zoysiagrass cultivars in a combined field experiment. Divot recovery was evaluated on four collection dates for five cultivars of bermudagrass and seven cultivars of zoysiagrass. Cultivars generally with the fastest time to 50% recovery were 'Princess 77' and 'Riviera' bermudagrass and 'Palisades' zoysiagrass. Generally, the cultivars with the slowest time to 50% recovery were 'Meyer' and 'Zenith' zoysiagrass. Additionally, 'Tifway' bermudagrass had similar divot recovery times to 'El Toro' and Palisades zoysiagrass. These results demonstrate that differences and similarities exist among bermudagrass and zoysiagrass cultivars for divot recovery, and golf course superintendents can use this information to better select cultivars that could improve surface playing conditions.
Introduction
A swing by a golfer while attempting to strike a golf ball commonly displaces an area of turf and soil that is referred to as a divot (7) . Divots created by a golf stroke are a regular occurrence on golf course fairways or tees (7) . It has been estimated that approximately 0.21 ha of turf are removed by divoting from a bermudagrass golf course fairway each year (7) . The number, size, and length of time divots exist on a tee or fairway depend on species (1) . Divot recovery describes the rate of recovery of a turfgrass from divoting and is an important factor that should be considered when selecting a species or cultivar for use on golf course tees or fairways and other athletic playing fields.
There have been few studies to quantify differences in recovery rates between species, but popular turf textbooks (1,10) rank bermudagrass (Cynodon spp.) as having superior recuperative capacity or rate compared to zoysiagrass (Zoysia spp.). Karcher et al. (4, 5) examined the divot recovery on native soil for numerous bermudagrass and zoysiagrass cultivars in separate field studies. Karcher et al. (4) reported that Riviera, Princess 77, and 'Patriot' bermudagrass each had relatively fast divot recoveries for the cultivars tested during the first year of the experiment. However, in the second year's results, there were no differences among Princess 77, Riviera, Tifway, 'Tifsport,' and Patriot bermudagrass. In a separate study evaluating zoysiagrass cultivars, Karcher et al. (5) reported that Palisades, 'Cavalier,' Zenith, and 'Zorro' zoysiagrass all had similar divot recovery, while Meyer had a significantly slower divot recovery. El Toro had the fastest divot recovery in one year of the study, but had a relatively slower divot recovery in another year. Although bermudagrass and zoysiagrass were evaluated in separate experimental areas by Karcher et al. (4, 5) , their data suggest that the recuperative capacity of these two species may not be as different as previously reported (1, 10) . For example, in 2004 Karcher et al. (4) reported that Riviera bermudagrass required 4.6 days to reach 50% recovery, while in 2004 Karcher et al. (5) reported that Palisades zoysiagrass required 4.2 days to reach 50% recovery. It has also been reported that zoysiagrass cultivars can differ greatly in growth rate and establishment rate (6) , suggesting that some zoysiagrass cultivars may also have divot recovery similar to specific bermudagrass cultivars. Therefore, the objective of this experiment was to quantify the divot recovery for commonly used bermudagrass and zoysiagrass cultivars in the same experimental field trial.
Evaluating Divot Recovery
This experiment was conducted at the Arkansas Agricultural Research and Extension Center, in Fayetteville, AR (36°06'N, 94°10'W, 384 m). The planting site was fumigated with methyl bromide at 549 kg/ha in April 2007 and was a Captina silt-loam soil (fine-silty mixed mesic Typic Fragiudalt) with a pH of 6.6, 1% organic matter, 105 kg P/ha, and 97 kg K/ha. Five cultivars of bermudagrass and seven cultivars of zoysiagrass were evaluated in the experiment (Table 1) Turf was divoted on 7 July and 25 August 2008, and 21 May and 29 June 2009. Standardized divots (5 cm by 10 cm) were cut from each plot using a modified edger (3) and then backfilled with topdressing sand. Recovery was monitored for each divot by collecting digital images twice weekly, beginning on the day of injury and continuing until full recovery (100% coverage). One image (subsample) was collected for each divot for a total of three divots for each plot and analyzed independently for turf coverage. Images were processed in Adobe Photoshop CS4 (Adobe Systems, San Jose, CA) prior to being analyzed for percent green turf cover using SigmaScan Pro 5 software (Systat Software Inc., Richmond, CA) (8) using a divot recovery macro. Similar to Karcher et al. (4), non-linear regression analysis was used to differentiate days to 50% recovery from injury using GraphPad Prism (GraphPad Software v. 5.0, San Diego, CA). An exponential one-phase model was used to estimate the slope for each cultivar using the following equation:
recovery (%) = 1 − e (−K*days after injury) .
Mean times to reach 50% recovery for each cultivar were separated using 95% confidence intervals determined for the predicted slope (K) values of cultivar mean recovery time using the GraphPad Prism statistical package. Predicted slope (K) values were used in an attempt to combine data across dates for both cultivar and species analysis. A full description of this technique and data analysis is presented in Karcher et al. (4) .
Differences Exist in Divot Recovery Among Bermudagrass and Zoysiagrass Cultivars
Since there were date × cultivar and date × species interactions, the cultivar and species recovery data are presented within date. Differences among cultivars (P < 0.0001) in time to reach 50% recovery occurred for each of the four divoting periods. When divoted 7 July 2008, the cultivars with the fastest time to 50% recovery (in parentheses) were Princess 77, Patriot, Tifsport, Riviera, and Tifway bermudagrass, as well as Palisades and El Toro zoysiagrass (Fig. 1 ). The cultivars with the divot recovery slower than Princess 77 bermudagrass were Cavalier, Zenith, Meyer, and Zorro zoysiagrass.
Princess 77 and Riviera bermudagrass as well as Palisades, El Toro, and Diamond zoysiagrass were the cultivars having the fastest time to 50% recovery when divoted on 25 August 2008 (Fig. 1 ). The cultivars with the slowest time to 50% recovery and slower than Riviera bermudagrass were Zenith, Cavalier, Meyer, and Zorro zoysiagrass, as well as Tifsport, Patriot, and Tifway bermudagrass. The cultivars having the fastest time to 50% recovery when divoted on 21 May 2009 were Princess 77, Riviera, Tifsport, and Tifway bermudagrass, as well as Palisades, Cavalier, and Zorro zoysiagrass (Fig. 1) . The cultivars having the slowest time to 50% recovery and slower than Princess 77 and Riviera bermudagrass were Zenith, Diamond, El Toro, and Meyer zoysiagrass and Patriot bermudagrass.
Princess 77, Patriot, and Riviera bermudagrass had the fastest time to 50% recovery from injury when divoted 29 June 2009 (Fig. 1) . Because research has not been conducted to compare divot recovery of bermudagrass and zoysiagrass in the same experiment, discussion comparing our findings with previous work is limited to tests evaluating single species. Similar to these findings, Karcher When data were analyzed across all cultivars by species, differences existed among species for the time to 50% recovery from divoting in each divot recovery rating period (Fig. 3) . Cynodon dactylon, Z. japonica, and C. dactylon × C. transvaalensis had the fastest divot recovery on 7 July 2008, although Z. japonica and C. dactylon × C. transvaalensis were not different than Z. matrella, which had the slowest time to 50% recovery. Cynodon dactylon had the fastest divot recovery, while the other species had similar divot recoveries on 25 August 2008 and 21 May 2009. The greatest separation among species for time to 50% recovery occurred on 29 June 2009, when C. dactylon had the fastest divot recovery, followed by C. dactylon × C. transvaalensis, while Z. matrella and Z. japonica had equally slower recovery times. On each rating date, C. dactylon was among the species with the fastest divot recovery. On 3 of the 4 divot recovery dates, C. dactylon had faster recovery than C. dactylon × C. transvaalensis. Karcher et al. (4) also evaluated divot recovery among bermudagrass propagation types, and determined that seeded (C. dactylon) cultivars consistently had faster divot recovery than vegetative (C. dactylon × C. transvaalensis) cultivars, which is supported by our findings. One possible explanation for C. dactylon cultivars having a faster growth rate may be due in part to C. dactylon having fewer stolons with longer internodes compared to C. dactylon × C. transvaalensis, which has shorter internodes (W.W. Hanna, 2009, personal communication) . Zoysia japonica had similar recovery to Z. matrella on all four divot recovery dates. Cynodon dactylon had faster divot recovery rates than Zoysia spp., but divot recovery was similar between Zoysia spp. and C. dactylon × C. transvaalensis on three of four dates, indicating that tetraploid C. dactylon bermudagrass generally has faster recovery rates than zoysiagrass, while zoysiagrass and triploid bermudagrass have similar recovery rates. Previous research of establishment and growth rates in bermudgrass and zoyisagrass could give insight into a component of the mechanisms for divot recovery in these species (2, 11) . The recovery rate differences among species in this experiment were comparable to the establishment rate differences of previous research (2) in which a C. dactylon cultivar was reported as having faster establishment rates than a Z. japonica cultivar due to faster stolon growth rates. However, Busey and Myers (2) also reported that C. dactylon × C. transvaalensis established faster than Z. japonica which is different than our divot recovery research. Volteranni et al. (11) also reported Cynodon spp. as having superior stolon growth rate than Zoysia spp. However, Volteranni et al. (11) reported that C. dactylon × C. transvaalensis had a faster stolon growth rate than C. dactylon, which was not consistent with divot recovery trends in this experiment. This inconsistency could be explained by the fact that only a single cultivar was used by Volterrani et al. (11) for each species. Similar trends existed in the divot recovery of zoysiagrass cultivars in this study and stolon growth rate in another experiment (6) , where Cavalier, Diamond, Meyer, and Zenith had slower stolon growth rates compared to Palisades and El Toro. Both differences and similarities in divot recovery at the genus and species level, and the increasing number of cultivars being developed and released by breeders, support that popular texts stating establishment and recovery differences between bermudagrass and zoysiagrass may need revision to include cultivar specific conclusions.
Other Factors
Another aspect of divot management is the overall size and the frequency a divot is made, otherwise known as divot resistance (9) . Little work has attempted to quantify divot resistance or combine divot recovery and resistance to quantify a divot fitness index for a particular turfgrass. A divot fitness index should be evaluated in future research by combining the rate of recovery and resistance to natural divoting from golf clubs. For example, a turfgrass species or cultivar that has a slower divot recovery but a comparatively higher divot resistance may actually have an improved divot fitness index than a turfgrass that has a faster divot recovery and a poor divot resistance. Providing a quantitative value for the combined effects of divot recovery and resistance would strengthen our knowledge of divot incidence in turf and assist in cultivar or species selection. Furthermore, future work should also evaluate the effect of management practices such as fertilization, mowing height, plant growth regulators, sand topdressing, sand-capping, and soil type on divot recovery and resistance.
In summary, generally the cultivars with the fastest time to 50% recovery were Princess 77 and Riviera bermudagrass and Palisades zoysiagrass. Generally, the cultivars with the slowest time to 50% recovery were Meyer and Zenith zoysiagrass. Cynodon dactylon consistently had the fastest recovery, while C. dactylon × C. transvaalensis, Z. japonica, and Z. matrella tended to have similar recovery rates across all cultivars. These results demonstrate that differences and similarities exist among bermudagrass and zoysiagrass cultivars for divot recovery, and that conclusions for comparing growth rates for Cynodon spp. and Zoysia spp. should be made at the cultivar level. Golf course superintendents should select a cultivar having a fast divot recovery for use on fairways or tees anticipating heavy amounts of divoting, especially driving range tees. As a result of this research, golf course superintendents and sports turf managers will have the information to improve surface playing conditions.
